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Hydraulic fracturing has been widely used as an effective stimulation technology 
for energy extraction, such as shale oil and gas reservoir, and geothermal reservoirs. It 
can create fractures to improve permeability and connectivity. The commonly used 
fracturing fluid is water-based fluid, which has some drawbacks such as high 
breakdown pressure and simple fracture. These drawbacks bring some difficulties of 
fracturing treatment and decrease the stimulation effect. Thus, alternative fracturing 
fluids are necessary. 
Supercritical fluids exhibit special properties such as a low viscosity (like gas) and 
high density (like liquid). These properties make it possible to be fracturing fluid and 
their potential to be fracturing fluids are investigated by fracturing experiments.  
Previous experimental results show that SC-CO2 and SC-water can promote the 
complex fracture network and reduce the breakdown pressure significantly. These 
fracturing performances including complex fracture and low breakdown pressure bring 
a positive effect on unconventional energy developments.  
Although it is known that supercritical fluid can induce complex fractures and 
reduce the breakdown pressure in a laboratory experiment, the different mechanisms 
between supercritical fluids and water-based fracturing are unclear. To study the 
fracturing performance by supercritical fluid and to discuss the difference between 
supercritical fluid fracturing (i.e., SC-water and SC-CO2) and conventional water-based 
fracturing, a numerical model is needed. The flow model should be able to simulate the 
seepage effect and two-phase flow considering both capillary force and viscous force. 
Also, a suitable numerical approach for the solid model needs to be developed to match 
the flow model. 
In this work, a two-phase flow model considering viscous and capillary forces is 
developed to reproduces a two-phase flow. A solid model using the finite element method 
with cohesive zone elements is developed to simulate the fracture initiation and 
propagation. Based on the flow model and solid model, a coupled model has been 
proposed to study the fracturing mechanism of SC-CO2 and SC-water. The simulation 
results based on the coupled model shows that low viscosity is the main reason for the 
complex fracture network and low breakdown pressure induced by SC-water fracturing. 
To SC-CO2 fracturing, viscous and capillary forces together contribute to the 
different fracturing performances between SC-CO2 and water-based fluid. Most of the 
fracture shapes were determined by the viscous force. 
The mechanism identification is on the laboratory scale. To understand the 
performance of SC-fluid fracturing in the field scale, an upscaling model is developed 
based on the coupled model. The upscaling is applied to study the performance of SC-
water fracturing on the field scale. The simulation results based on the upscaling model 
show that supercritical water has the potential to generate complex fractures at a filed 
scale from the aspect of the theory. The complex fracture network can greatly improve 
the heat exchange efficiency, thereby increasing the efficiency of geothermal energy 
extraction. This has a strong guiding significance for geothermal extraction. Also, we 
pointed out the directional characteristics of improved permeability and treatment 
pressure requirements of supercritical water fracturing at the field scale, which laid a 
solid foundation for further promoting the implementation of supercritical hydraulic 
fracturing and supercritical geothermal extraction. 
 
